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Abstract
Background Early detection of iron deficiency is important in 
young children to prevent iron deficiency anemia, which may cause 
SHUPDQHQWQHXURFRJQLWLYHGHYHORSPHQWGLVRUGHUV+HPRJORELQ
level is an insensitive tool for detecting iron deficiency without 
anemia, while serum ferritin levels may be influenced by infection 
DQGLQIODPPDWLRQ+RZHYHUVROXEOHWUDQVIHUULQUHFHSWRUV7I5
is a sensitive marker for detecting iron deficiency, yet not widely 
XVHGLQGDLO\SUDFWLFH
Objective To assess for correlations between hemoglobin, serum 
ferritin, and soluble transferrin receptor levels in children aged 
PRQWKV
Methods:HSHUIRUPHGDFURVVVHFWLRQDOVWXG\LQWKH<RJ\DNDUWD
DQG%DQWXO'LVWULFWVLQYROYLQJFKLOGUHQDJHGPRQWKV
who visited integrated health posts (posyandu) and who met 
WKHLQFOXVLRQFULWHULD Subjects were chosen by cluster random 
VDPSOLQJ%ORRGVSHFLPHQVZHUHFROOHFWHGWRH[DPLQHKHPRJORELQ
VHUXPIHUULWLQDQGV7I5OHYHOV
Results Spearman’s correlation test revealed weak negative 
correlations between hemoglobin and serum ferritin levels, as 
well as between hemoglobin and sTfR levels, with coefficient 
FRUUHODWLRQVRIU 3 DQGU 3 
UHVSHFWLYHO\7KHUHZDVQRFRUUHODWLRQEHWZHHQVHUXPIHUULWLQDQG
V7I5OHYHOVU 3 
Conclusion Hemoglobin levels has weak negative correlations 
with serum ferritin and sTfR, but serum ferritin does not correlate 
ZLWKV7I5[Paediatr Indones. 2014;54:122-6.]
Keywords: hemoglobin, serum ferritin, soluble 
transferrin receptor, correlation, iron deficiency
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I
ron deficiency is a form of micronutrient 
GHILFLHQF\FDXVLQJDQHPLDDQGRQHWKLUGRI
children in the world suffer from iron deficiency 
DQHPLD,'$7KHIndonesian Household 
Health Survey (SKRT) indicates the incidence of IDA 
WREH2WKHUUHSRUWVVKRZHGWKDW,'$SUHYDOHQFH
LQFKLOGUHQKDGGURSSHGWRLQ2,4 In 
Banjarbaru, South Kalimantan, the incidences of IDA, 
LURQGHILFLHQF\DQGLURQGHSOHWLRQLQLQIDQWVDJHG
PRQWKVZHUH  DQGUHVSHFWLYHO\The 
Indonesian Basic Health Research  (RISKESDAS) in 
UHSRUWVWKDWWKHSUHYDOHQFHRI,'$LQFKLOGUHQ
in the Daerah Istimewa<RJ\DNDUWD',<3URYLQFH
ZDV4
Detection of iron deficiency prior to the occurence 
of anemia is important, because iron deficiency in 
early stage may cause permanent neurocognitive 
GHYHORSPHQWDOGLVRUGHUVHVSHFLDOO\LQWKHKLJKULVN
SRSXODWLRQRIFKLOGUHQDJHG\HDUV Bone marrow 
aspiration  with Prussian blue staining as the definitive 
diagnosis is not routinely done due to the invasiveness Fajar Diah TK et al: Correlations between hemoglobin, serum ferritin, and sTfR levels in children
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RIWKHSURFHGXUH+HPRJORELQOHYHOLVDVHQVLWLYHWRRO
for detecting iron deficiency anemia, but not for iron 
GHILFLHQF\8,URQLVRQHLPSRUWDQWPLFURQXWULHQW,ILURQ
reserves are insufficient for erythrocyte formation, the 
erythrocyte numbers will then decline, resulting in low 
KHPRJORELQOHYHORUDQHPLD
Serum ferritin is a good indicator for iron 
deficiency in the absence of increasing reactants from 
DFXWHSURFHVV,QQRUPDOFRQGLWLRQIHUULWLQVWRUHVLURQ
LQWUDFHOOXODUO\IRUODWHUUHPRYDODQGUHXVH6HUXP
IHUULWLQOHYHOVRIJ/UHIOHFWDQLURQGHILFLHQW
state, but increased serum ferritin has been found 
LQSHRSOHZLWKH[FHVVLURQDQGLQIODPPDWLRQ6HUXP
ferritin levels are strongly influenced by infection and 
LQIODPPDWLRQ Soluble transferrin receptor (sTfR) is 
a good indicator for iron deficiency in infants, as it has 
DVSHFLILFLW\RIDQGDVHQVLWLYLW\RI+RZHYHU
its use in clinical practice has been limited and 
PRVWO\IRUUHVHDUFKSXUSRVHV Soluble transferrin 
receptor expression rises when there is inadequate 
iron supply for tissue demand, or increased need for 
LURQDVVRFLDWHGZLWKWKHSURFHVVRIHU\WKURSRLHVLV
This study aimed to assess for correlations between 
hemoglobin and serum ferritin levels, hemoglobin and 
sTfR levels, as well as serum ferritin and sTfR levels 
LQFKLOGUHQDJHGPRQWKV
Methods
:HFRQGXFWHGDFURVVVHFWLRQDOVWXG\IURP1RYHPEHU
WR$SULO,QFOXVLRQFULWHULDZHUHKHDOWK\
DSSHDULQJFKLOGUHQDJHGPRQWKVZKRYLVLWHG
integrated health posts (posyandu) in the districts of 
<RJ\DNDUWDDQG%DQWXODQGZHUHVHOHFWHGE\FOXVWHU
UDQGRPVDPSOLQJ6XEMHFWV·SDUHQWVFRQVHQWHGWR
SDUWLFLSDWHLQWKHVWXG\&KLOGUHQZKRUHFHLYHGLURQ
WKHUDS\ZLWKLQWKHPRQWKVSULRUWRWKHVWXG\ZHUH
H[FOXGHG
The minimum required sample size was calculated 
WREHEDVHGRQSRZHUDQGW\SH,HUURU:H
collected baseline data on subjects’ age, gender, weight, 
KHLJKWDQGQXWULWLRQDOVWDWXV%ORRGVSHFLPHQVZHUH
collected for examinations of hemoglobin and serum 
IHUULWLQOHYHOVDWWKH3DUDKLWD/DERUDWRU\<RJ\DNDUWD
DQGIRUV7I5OHYHOVDWWKH6($0(2/DERUDWRU\-DNDUWD
Hemoglobin (Hb) levels were assessed using flow 
F\WRPHWU\6HUXPIHUULWLQDQGV7I5OHYHOVZHUHDVVHVVHG
XVLQJHQ]\PHOLQNHGIOXRUHVFHQWDVVD\V(/)$,URQ
deficiency is a condition characterized by reduced iron 
UHVHUYHVLQWKHERG\DVLQGLFDWHGE\V7I5OHYHOV
JP/XVLQJWKH(/)$PHWKRG
Correlations between levels of hemoglobin, 
serum ferritin, and sTfR were analyzed using Pearson’s 
FRUUHODWLRQWHVW6SHDUPDQ·VFRUUHODWLRQWHVWZDVXVHGIRU
QRQQRUPDOGDWDGLVWULEXWLRQ:HXVHGLURQGHILFLHQF\
V7I5OHYHOV!JPL) as the control variable in 
SDUWLDOFRUUHODWLRQVXEDQDO\VLV'DWDQRUPDOLW\ZDV
DQDO\]HGXVLQJWKH.ROPRJRURY6PLUQRYWHVW
Results
(LJKW\ILYHFKLOGUHQDJHGPRQWKVLQYROYHGLQ
WKLVVWXG\7KHEDVLFFKDUDFWHULVWLFVRIVXEMHFWVDUH
shown in Table 1.
.ROPRJRURY6PLUQRYWHVWZDVXVHGWRDQDO\]H
WKHOLQHDULW\EHWZHHQSDLUVRIYDULDEOHVDVIROORZV
KHPRJORELQV7I5VHUXPIHUULWLQV7I5DQGKHPR
JORELQVHUXPIHUULWLQ6WDWLVWLFDODQDO\VHV\LHOGHGD
OLQHDUUHODWLRQVKLSEHWZHHQKHPRJORELQV7I5) 
3 +RZHYHUWKHUHZDVQROLQHDUUHODWLRQVKLS
EHWZHHQVHUXPIHUULWLQV7I5) 3 RU
KHPRJORELQVHUXPIHUULWLQ) 3 
Based on normality and linearity tests, there 
ZHUHYDULDEOHVZLWKDEQRUPDOGLVWULEXWLRQ9DULDEOHV
ZLWKQRQOLQHDUFRUUHODWLRQVZHUHDQDO\]HGXVLQJWKH
Spearman’s correlation and partial correlation tests to 
analyze the relationship between two variables and a 
Table 1. Baseline characteristics of study subjects
Characteristics n %
Age, months
6–12
12–24
24–59
  4
13
68
  4.7 
15.3
80.0
Gender
Male
Female
46
39
54.1
45.9
Nutritional status
Good
Underweight
54
31
63.5
36.5
+TQPFGſEKGPE[
;GU
U6H4ŮzIOL)
No (sTfR <8.3 μg/mL)
26
59
30.6
69.4
Anemia
Yes (Hb <11.0 g/dL)
0Q
*DŮIF.
  5
80
  5.9 
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VHUXPIHUULWLQ7KHFRUUHODWLRQEHWZHHQKHPRJORELQ
and sTfR levels controlled by iron deficiency was not 
VWDWLVWLFDOO\VLJQLILFDQW3!6HUXPIHUULWLQDQG
sTfR levels controlled by iron deficiency were not 
VLJQLILFDQWO\FRUUHODWHG3!
Multivariate analysis included variables with P 
YDOXHVE\ELYDULDWHDQDO\VLVTable 4 shows that 
VLQJOHFRQWUROYDULDEOH6SHDUPDQ·VFRUUHODWLRQWHVW
results are shown in the scatter plots in Figure 1
Spearman’s correlation test showed that there 
were negative relationships between hemoglobin and 
VHUXPIHUULWLQOHYHOVU 3 DVZHOODV
KHPRJORELQDQGV7I5OHYHOVU 3 
indicating that increased levels of hemoglobin were 
associated weakly with decreased levels of serum 
IHUULWLQDQGV7I5RUYLFHYHUVD7KHUHZDVQR
correlation between serum ferritin and sTfR levels 
U 3 Table 2
Partial correlation analysis using iron deficiency 
as the control variable showed similar results between 
hemoglobin and serum ferritin (Table 37KLVPHDQV
in children with severe iron deficiency, those with 
decreased hemoglobin levels tended to increase 
Figure 1. A. Scatter plot of correlation between hemoglobin and serum ferritin levels, B. Scatter 
plot of correlation between hemoglobin and sTfR levels, C. Scatter plot of correlation 
between serum ferritin and sTfR levels.
Table 2. The relationships between hemoglobin and serum 
ferritin levels, hemoglobin and sTfR levels, as well as serum 
ferritin and sTfR levels (Spearman’s correlation)
Variables Coefſcient
correlation (r )
P value
Hemoglobin - serum ferritin levels
Hemoglobin – sTfR levels
Serum ferritin – sTfR levels
- 0.220
- 0.317
- 0.033
  0.043*
   0.003**
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sTfR may be best used to predict iron deficiency, as it 
JDYHWKHKLJKHVWFRUUHODWLRQFRHIILFLHQWU 
Soluble transferin receptor (sTfR) levels were a strong 
SUHGLFWRUIRULURQGHILFLHQF\LQFKLOGUHQDJHG
PRQWKV3
Based on the regression equation, iron deficiency 
in children can be predicted by the levels of 
KHPRJORELQVHUXPIHUULWLQDQGV7I5DVIROORZVLURQ
GHILFLHQF\ KHPRJORELQVHUXP
IHUULWLQVHUXPV7I57KHPHDQUHJUHVVLRQ
FRHIILFLHQWRILQRXUVWXG\LQGLFDWHGWKDWDQ
LQFUHDVHRIJG/RIKHPRJORELQOHYHOVDW+E
JG/FDQSUHGLFWLURQGHILFLHQF\E\7KH
UHJUHVVLRQFRHIILFLHQWLQGLFDWHGWKDWDQ\LQFUHDVH
ug/L serum ferritin levels of serum ferritin levels at 
XJ/FRXOGSUHGLFWLURQGHILFLHQF\E\
ZKLOHWKHUHJUHVVLRQFRHIILFLHQWLQGLFDWHGWKDW
HDFKGHFUHDVHRIPJ/OHYHOVRIV7I5DWV7I5OHYHOV
XJPOFRXOGSUHGLFWLURQGHILFLHQF\E\
Discussion
There is a high incidence of iron deficiency in 
FKLOGUHQHVSHFLDOO\WKRVHDJHG\HDUV In our study, 
we evaluated the diagnostic efficiency of a variety of 
conventional laboratory tests to identify deficient iron 
VWRUHVDQGIXQFWLRQDOGHILFLHQF\,URQGHILFLHQF\LQRXU
VWXG\ZDVFRQILUPHGE\V7I5OHYHOV9DQGHQ%RVFKet
alDQG3KLULet alH[SODLQHGWKDWQRUPDOFKLOGUHQKDYH
V7IUYDOXHVRIPJP/Among the 85 subjects 
LQRXUVWXG\FKLOGUHQZHUHLURQGHILFLHQW
ZKLOHFKLOGUHQKDGQRLURQGHILFLHQF\
7KH:+2FULWHULDIRUDQHPLDLQFKLOGUHQ
DJHGPRQWKV\HDUVLVKDYLQJ+EJG/
,QRXUVWXG\FKLOGUHQKDGDQHPLDDQG
FKLOGUHQGLGQRW7KHVHUHVXOWVZHUHVLPLODU
to the reported low incidence of nutritional anemia 
LQFKLOGUHQLQ<RJ\DNDUWDLH4 None of our 
VXEMHFWVKDGPDOQXWULWLRQRYHUZHLJKWRUREHVLW\7KH
5,6.(6'$6LQ'DHUDK,VWLPHZD<RJ\DNDUWD',<DW
UHSRUWHGWKDWRILQIDQWVKDGJRRGQXWULWLRQDO
VWDWXV7KH',<3URYLQFHPDQDJHVDOPRVWRIDOO
PDOQRXULVKHGFKLOGUHQLQLWVDUHD4
A negative correlation between hemoglobin and 
sTfR levels in our study is similar with those of Schiza et 
al.LQFKLOGUHQDJHGZHHNVPRQWKVEXWWKHLUUHVXOW
ZDVQRWVWDWLVWLFDOO\VLJQLILFDQW,WLVLQFRQWUDGLFWLYH
with our results, so does the correlation results between 
V7I5DQGVHUXPIHUULWLQOHYHOV7KH\DOVRVKRZHGWKDWDW
any age, hemoglobin and sTfR levels weakly correlated 
LQDQHJDWLYHGLUHFWLRQ The correlation between 
hemoglobin and serum ferritin levels was different from 
the results of Van den Bosch et al. which showed a 
significant correlation between ferritin and hemoglobin 
OHYHOVWRZDUGDQHJDWLYHFRUUHODWLRQU 
3 This difference is due to age, inflammation, 
and infection, especially worm infestation which can 
LQFUHDVHVHUXPIHUULWLQOHYHOV
Serum ferritin has been widely used as an 
iron marker in individuals without inflammatory 
FRQGLWLRQV&RQYHUVHO\V7I5LVFRQVLGHUHGWRUHIOHFW
Table 3. The relationships between hemoglobin and serum 
ferritin levels, hemoglobin and  sTfR levels, as well as sTfR 
CPFUGTWOHGTTKVKPNGXGNUWUKPIKTQPFGſEKGPE[CUVJGEQPVTQN
variables (partial  correlation)
Variables %QGHſEKGPV
correlation (r )
P value
Hemoglobin - serum ferritin levels
Hemoglobin – sTfR levels
Serum ferritin – sTfR levels
- 0.258
- 0.086
- 0.044
    0.018*
  0.435
  0.690
Table 4*GOQINQDKPUGTWOHGTTKVKPCPFU6H4NGXGNUVQRTGFKEVKTQPFGſEKGPE[
Step Variable b r P value
Step 1 Hemoglobin
Ferritin
sTfR
constanta
  0.040
  0.001
- 0.196
  2.598
  0.069
  0.033
- 0.776
0.339
0.633
 0.001*
0.001
Step 2 Hemoglobin
sTfR
constanta
  0.035
- 0.197
  2.700
  0.060
- 0.782
0.386
 0.001*
0.001
Step 3 sTfR
constanta
  0.201
  3.148
- 0.797  0.001*
 0.001
0QVGDTGITGUUKQPEQGHſEKGPVTEQTTGNCVKQPEQGHſEKGPV$CUGFQPVJGTGITGUUKQPGSWCVKQP[CD1x1 + b2x2 + ... + bixi(y = dependent 
XCTKCDNGCEQPUVCPVCDDDKTGITGUUKQPEQGHſEKGPVQHGCEJXCTKCDNGZZZKKPFGRGPFGPVXCTKCDNGUFajar Diah TK et al: Correlations between hemoglobin, serum ferritin, and sTfR levels in children
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the degree of tissue iron need, and there is evidence 
that it is a good indicator of iron status when the 
LURQVWRUHVDUHGHSOHWHG7KHUHFLSURFDOUHODWLRQVKLS
between sTfR and serum ferritin describes a good 
relationship over a wide range of normal and depleted 
LURQVWRUHVVWDWHV In our study, this relationship has 
EHHQGHVFULEHGZLWKVFDWWHUSORWJUDSKV
,QFRQWUDVWWRRXUUHVXOWV<RNXVet alUHSRUWHG
a stronger correlation between  hemoglobin and 
V7I5OHYHOVU 3+RZHYHUZHXVHG
healthy subjects, while they used iron deficiency 
DQHPLDVXEMHFWV7KHUHIRUHWKHQDUURZHUUDQJHRI
hemoglobin and serum ferritin levels in their study 
PD\KDYHSURGXFHGDVWURQJHUFRUUHODWLRQ
A limitation of our study was that we did not 
DVVHVVLQGLFDWRUVRILQIODPPDWLRQVXFKDV&UHDFWLYH
protein (CRP), ADFLGJO\FRSURWHLQDQGVWRRO
H[DPLQDWLRQVIRUZRUPLQIHFWLRQ7KHSUHVHQFHRI
inflammatory conditions might affect serum ferritin 
OHYHOVLQRXUVXEMHFWV7KHVHILQGLQJVVXJJHVWWKDWD
single tool for detecting iron deficiency in children 
DJHGPRQWKVVXFKDVVHUXPIHUULWLQH[DPLQDWLRQ
alone, is not recommended because it could obscure 
WKHGLDJQRVLV2WKHUSDUDPHWHUVVXFKDVV7I5RU
another conventional hematological laboratory 
SURFHGXUHDUHQHHGHG
In conclusion, hemoglobin levels has weak 
negative correlations with serum ferritin and sTfR,
EXWVHUXPIHUULWLQGRHVQRWFRUUHODWHZLWKV7I5
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